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缩略词  英文名称  中文名称  
ATS Algal Turf Scrubber 藻坪净水系统  
N Nitrogen 氮  
P Phosporus 磷  
C Carbon 碳  
NO3-N Nitrate 硝氮  
NO2-N Nitrite 亚硝氮  
NH4-N Ammonium 氨氮  
DIN Dissolved Inorganic Nitrogen 溶解无机氮  
DOP Dissolved Organic Phosphorus 溶解有机磷  
DTN Dissolved Total Nitrogen 溶解总氮  
DTP Dissolved Total Phosphorus 溶解总磷  
TP Total Phosphorus 总磷  
TPP Total Particle Phosphorus 总颗粒磷  
TOC Total Organic Carbon 总有机碳  
DO Dissolved Oxygen 溶解氧  
LPM m-1 
Liter Per Minute Per Meter of 
Floway Width 
升每分钟每米槽宽度  
































续流。在最优水力负荷条件（120 LPM m-1）下设置三组水流间歇频率（分别为4 h-1、




（3）水力负荷120 LPM m-1和间歇频次4 h-1进水的规模化ATS工程方案有应用
潜力。假设总占地面积1 ha的ATS系统用于修复江东水库富营养化水体，估算方案A
（连续水流、水力负荷 60 LPM m-1）、方案B（连续水流、水力负荷 120 LPM m-1）
以及方案C（水流间歇频次4 h-1，水力负荷120 LPM m-1）三种工程方案的氮磷去除成
本，方案A、B、C的氮去除成本分别为 ¥170、226、137 kg-1，磷去除成本分别为 ¥474、
580、384 kg-1，方案C的去除成本最低。以江东库区年均营养盐浓度来计算，如果要

































Eutrophication is one of the global environmental problems, and eutrophication of 
lakes and reservoirs in China are quite prominent. There is an increasing demand for 
economic and effective ecological engineering to restore aquatic ecosystems.  
Jiulong River (Jiangdong reservoir) was selected as the study site, Jiulong River is the 
drinking water source of Xiamen and Zhangzhou. In this study, an experimental scale Algal 
Turf Scrubber (ATS) system was designed to test the efficiency of ATS (algal productivity, 
nitrogen and phosphorus removal rate) under various flow conditions in terms of hydraulic 
loading and flow intermittent frequency. The optimal flow condition was determined to 
obtain the best performance of ATS. Based on the experimental results, a large-scale ATS 
unit was further designed to treat the water of the Jiangdong reservoir in the future and its 
cost under three engineering schemes was estimated. The main results are as followings: 
First, hydraulic loadings influenced the efficiency of ATS. The largest algal 
producivities and nutrient (nitrogen, phosphorus) removal rates are generally observed 
under the hydrauliac loadings of 120 LPM m-1. Seven groups of experiments with different 
hydraulic loadings (from 60 to 180 LPM m-1) were set. There is a hyperbolic relationship 
between nutrient ramoval rates and the hydraulic loadings. A optimal value of hydralic 
loading (120 LPM m-1) exixts. In another word, the efficiency of ATS increased with flow 
rate when hydraulic loadings less than 120 LPM m-1, but turned to be declined when flow 
rate continute to increase. We concluded that slow inflow (low hydraulic loading) did not 
stimulate algae growth; However, too fast inflow with a large water shear force might make 
algae difficult to attach to the ATS and increase shedding of mature algae. 
Second, the intermittent frequency of inflow also influenced the efficiency of ATS. In 
total, the efficiency of ATS with intermittent inflow under optimal hydraulic loading is 
lower than that with continuous inflow. Three intermittent inflow (4 h-1, 12 h-1, 60 h-1) were 
set under the optimal hydraulic loading (120 LPM m-1). The experimental results showed 
that the efficiency of ATS were the highest with intermittent frequency of 4 h-1. The ratio 
of nitrogen removal rate of intermittent flow (4 h-1, 12 h-1, 60 h-1) to nitrogen removal rate 















phosphorus removal rate of ntermittent flow (4 h-1, 12 h-1, 60 h-1) to corresponding 
phosphorus removal rate of continous flow were 0.91, 0.67, 0.60, respectively. The ratios 
were all less than 1, suggesting that intermittent flow can save electric power but reduce the 
efficiency of ATS. 
Third, schemes of hydraulic loading 120 LPM m-1 and intermitent flow frequency 4 h-
1 have the potential for large-scale engineering application. Given a one-hectare of ATS 
system to treat the water of Jiangdong reservoir, it was estimated that the nutrient (nitrogen, 
phosphorus) removal cost of scheme A (continuous flow, 60 LPM m-1), scheme B 
(continuous flow, 120 LPM m-1), scheme C (intermittent flow 4 h-1, 120 LPM m-1) were 
¥170, 226, 137 kg-1 (for nitrogen), and ¥474, 580, 384 kg-1(for phosphorus), respectively. 
The cost of scheme C appeared to be lowest. Furthermore, in order to meet the National 
Criterion of Environmental Quality for Surface Water (GB3838-2002) (TN and TP less than 
1 mg N L-1 and 0.05 mg P L-1 for reservoir water), the treated cost for each tonne water 
would be ¥0.26, 0.35, 0.21 Scheme C has highest cost-effectiveness and present good 
potential for engineering application. 
 















第 1 章 绪论 
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（Martins et al., 1997; Smith et al., 1999; Pereira et al., 2002; Li et al., 2009）。在适
当的气象水文条件下，富营养化水体的水生生物（特别是藻类）快速增殖，引发














（Smith et al., 2009）。有些产毒藻类（如蓝藻）可能产生藻毒素及其衍生物，包
括甲硫醇、甲硫醚、烟硝酸盐等，还有可能引发一些水生和陆生动物中毒以及通
过致癌作用、肝毒性、肾毒性和肠毒性等影响人类健康（Falconer et al., 2001; Codd 




























也出现了水生植物种类数下降，面积缩减的情况：从 1960 年调查到的 66 种（太
湖综合调查初步报告, 1965），锐减至 20 世纪 90 年代晚期的 17 种（太湖水环境
生态及富营养化研究, 1997）。 
根据经济合作与发展组织（OECD）在 1982 年提出的评价标准，平均总磷大









由于水体富营养化所导致的水华问题也日益严重（Xu et al., 2009），且主要集中
在经济发达地区（图 1-1）（陈能汪等, 2010）。近海的富营养化问题也不容忽视，
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